0.001. The overall age-adjusted prevalence rate was 252.9 (95% CI 234.6-271.2), 229.1 (95% CI 204.6-253.6) in male and 277.4 (95% CI 250.0-304.7) in female children in the 2002 Kuwaiti population. The mean age at onset was 9.2, and 8.1 years in male and female children, respectively (p = 0.018). There was no signifi cant difference in prevalence between regions. Conclusion: Type 1 diabetes is a common chronic disease in Kuwaiti children.
Introduction
Type 1 diabetes is a common chronic disease in childhood, and its prevalence appears to be increasing worldwide [1] . It represents a major health problem in most populations because of the consequences for the individual and society. Because there are geographical and ethnic variations in the prevalence of type 1 diabetes [2] , it is important to study the disease in different populations.
In general, epidemiologic studies of type 1 diabetes dealt with incidence, whereas few studies of its prevalence have been reported. In Kuwait, a type 1 diabetes registry was initiated in 1992, and reported a nearly fourfold increase in the disease incidence rate between 1983 and 88 1997 [3] [4] [5] . The registry uses the capture-recapture method [4] to assure complete ascertainment of type 1 diabetes cases, and to validate the primary data source, which is active hospital reporting. The secondary data source is reported by paediatricians and physicians from a number of independent diabetic clinics distributed all over the country. Specifi c to this study, complete ascertainment of children with type 1 diabetes is assured since it is mandatory that Kuwaiti children 6-18 years old should attend schools. Prevalence of type 1 diabetes and hence the magnitude of the disease in Kuwait are not known. Information about the prevalence of the disease is required to provide the basis for rational planning of the diabetes health care system [6] .
The aim of the present study was to determine the prevalence of type 1 diabetes among 6-to 18-year-old Kuwaiti children.
Subjects and Methods

Study Population and Sampling Plan
Children with type 1 diabetes aged 6-18 years were identifi ed at 182 schools (50 primary, 63 intermediate, and 69 secondary) in Kuwait during the study period October 2000 to September 2002. In each governorate (Capital, Hawally, Farwania and Ahmadi) there is an educational district which includes male and female schools for the three levels of education: primary, intermediate, and secondary. The 2000/01 educational districts' registers were used as sampling frames. The number of schools was randomly selected from these sampling frames proportional to the number of schools in each district according to gender and level of education. The number of schools included represented 48.4% of the total number of schools at each study level. The total number of children surveyed was 128,918.
Children start primary, intermediate and secondary education at age 6, 10 and 14 years, respectively. Each level lasts 4 years. There are separate schools for male and female children. Diagnosis of type 1 diabetes was made according to the World Health Organization [7] and the American Diabetes Association [8] criteria, in addition to the presence of ketonuria and requirement for insulin to attain growth and avoid ketoacidosis. Children with type 1 diabetes were made known by the school health authorities in each school in order to facilitate prompt response in case of emergency by school management. In order to compare the frequency of a family history of diabetes in the affected children, a group of healthy classmates without type 1 diabetes was selected. The two groups of children with and without diabetes had similar age, gender, and ethnic background.
Statistical Methods
Age-and sex-specifi c prevalence rates (per 100,000) for type 1 diabetes were computed by relating the number of accumulated old and newly diagnosed diabetic children up to the study year 2002 to the number of children at the schools from which children with diabetes were identifi ed. Prevalence rates were adjusted to the 2002 Kuwaiti population to estimate the number of children with diabetes at the ages that were studied in the population. The population data were obtained from the 2002 report of the Public Authority for Civil Information, Kuwait. The 95% confi dence intervals (CIs) were estimated, and prevalence rates were compared assuming a Poisson distribution [9] . The chi-square test was used to assess the signifi cance of the difference between the proportion of a positive family history of diabetes in children with and without diabetes.
Results
The age-and sex-specifi c prevalence rates of type 1 diabetes in Kuwaiti children and adolescents aged 6-18 years in the year 2002 are presented in table 1 . There were 348 children with type 1 diabetes identifi ed from the surveyed number of 128,918 (6-18 years), giving an overall prevalence of 269.9 per 100,000 (95% CI 241.6-298.3). Of the 348 diabetic children, 131 were male, 217 were female, and the male:female ratio was 1: 1.7. The prevalence among males was 247.6/100,000 (95% CI 205.2- In combined male and female prevalence rates, the highest prevalence was for age 10-13 (347.3), while the lowest was for age 6-9 (182.6) per 100,000.
There was a signifi cant difference in prevalence rates between 6-9 and 10-13 years (p ! 0.001), 6-9 and 14-18 years (p ! 0.05), and 10-13 and 14-18 years (p ! 0.01).
Prevalence rates of type 1 diabetes were adjusted by age and sex to the 2002 Kuwaiti population. The number of 6-to 18-year-old children with type 1 diabetes in the 2002 population was estimated to be 731 in a population of 289,044, resulting in an overall age-adjusted prevalence rate of 252.9 (95% CI 234.6-271.2). The age-adjusted prevalence rate was 229.1 (95% CI 204.6-253.6) in males and 277.4 (95% CI 250.0-304.7) in females in the 2002 Kuwait population.
There was no signifi cant difference in prevalence between regions. The prevalence rates (95% CI) were 264.0 (194.9-333.2), 268.5 (211.4-325.5), 267.8 (218.2-317.4), and 277.5 (221.7-333.4) in Capital, Hawally, Farwania and Ahmadi governorates, respectively. Affected children had a signifi cantly higher frequency (33%) of a positive family history of type 1 diabetes in their fi rst-degree relatives than children of a similar age (18.4%) without type 1 diabetes (p ! 0.001). Similarly, children with type 1 diabetes had a signifi cantly higher frequency (21%) of a positive family history of type 2 diabetes in fi rst-degree relatives than children of a similar age (8.9%) without type 1 diabetes (p ! 0.001, table 2 ).
Male children were observed to develop type 1 diabetes 1 year later than female children, the mean ages ( 8 standard deviation, SD) of onset being 9.19 ( 8 4.30) and 8.12 ( 8 3.93) years, respectively (p = 0.018). In both sexes, the onset of type 1 diabetes occurred in 32.5% of children at the age of 10-13 years, in 29.4% at the age of 6-9, in 25.6% at the age of 0-8, and in 12.5% at the age of 14-18 years. Figure 1 illustrates the frequency distribution of age at onset of type 1 diabetes in male and female children. The peak in males was at age 11, and in females at age 10 years. 
Discussion
The present study focused on the determination of the prevalence of type 1 diabetes among Kuwaiti children and adolescents. In Kuwait, emphasis has been on the study of diabetes occurring in early childhood or in adulthood [3] [4] [5] 10] .
There is wide variation in the prevalence of type 1 diabetes among populations, with rates being high in Finland, Norway, Sweden, and Sardinia, and low in China and Japan [11, 12] . In the present study, the prevalence rate for type 1 diabetes of 269.9 per 100,000 children aged 6-18 years (year 2002 population-adjusted rate 252.9) indicates high prevalence in Kuwait, similar to those reported from high-prevalence Western countries. Compared with other Arab countries, prevalence rates in Kuwait are higher than those reported for Libya [13] , Oman [14] , Saudi Arabia, United Arab Emirates, Qatar, Jordan, and Bahrain [2] . Amos et al. [15] produced global estimates of the prevalence of type 1 diabetes, together with projections of future trends. They estimated that 100,000 patients are in the Middle East region, of whom more than 13,000 are children.
A feature of the pattern of prevalence of type 1 diabetes in this study was the high percentage of children in the age group 10-13 years as the prevalence rate in this group was the highest (347.3 per 100,000), while children 6-9 years had the lowest prevalence rate (182.6). This is because the peak incidence of type 1 diabetes occurs at puberty, and then declines during early adulthood at 14-18 years. This distribution refl ects age-specifi c environmental infl uences such as exposure to infectious agents, as well as growth spurts or hormonal changes during adolescence [16, 17] . This result does not accord with two studies from Maltese Islands [18] and Libya [13] , which reported a higher prevalence rate (211.9) in the age group 15-19 years; however, the two studies were consistent with our result in reporting the lowest prevalence in the age group 5-9 years. This result strongly indicates that the risk of developing type 1 diabetes is rising, and possibly fairly rapidly, since the prevalence rate is about 40% higher among children presently at age 10-13 than 14-18 years now. This represents a major public health concern.
Our data did not show a signifi cant difference in prevalence between male and female children, overall or at any age group. This result is inconsistent with the Maltese and Libyan studies [13, 18] , but in keeping with other studies [16, 17] , which reported that the risk of developing type 1 diabetes is similar in males and females, since boys and girls are equally likely to carry its susceptibility genes. Moreover, the present study did not show a difference in prevalence between regions since Kuwait is a small country with no climatic, geographical or environmental variations between the governorates.
The present study showed a remarkably high frequency of a positive family history of type 1 diabetes among the fi rst-degree relatives of affected children as well as in the background population. That one-third of children with type 1 diabetes had a family history of the disease in fi rst-degree relatives is consistent with the notion that diabetes aetiology involves exposure to environmental factors in genetically susceptible individuals. Children with fi rst-degree relatives having type 1 diabetes are at increased risk for developing the disease [19] . Kuwait is a genetically susceptible population. In a recent study [20] , Kuwaiti individuals were found to have a high prevalence of allelic combinations that lead to a relatively high risk of developing type 1 diabetes.
The frequency of a positive family history of type 2 diabetes among fi rst-degree relatives in the background population is different from that of other populations in being one half of the frequency of a positive family history of type 1. The high frequency of a family history of type 2 diabetes (21%) in fi rst-degree relatives of children with type 1 diabetes supports the proposition that a family history of type 2 diabetes is associated with a greater frequency of type 1 diabetes and vice versa. The relationship between type 1 and type 2 diabetes may suggest a genetic association between the two diseases. In addition, similar environmental risk determinants for type 1 and type 2 diabetes may also explain the association.
The fi rst study [3] on type 1 diabetes from Kuwait in 1980-1981 showed a low frequency of the disease (average annual incidence rate of 4.0 per 100,000). The increase during the 10 years following the study was almost fourfold (15.4 per 100,000) [4] , with further increases from 1992 to 1997 (20.9 per 100,000) [5] . This indicates the role played by changes in environmental factors causing a rapid rise in the prevalence of type 1 diabetes. Kuwaitis constitute a young population (52.5% of the 2002 population are less than 20 years) and have a high crude birth rate (30.9/1,000 population) [21] . Consequently, if the prevalence of type 1 diabetes continues to increase, the number of cases will multiply rapidly.
Conclusion
Type 1 diabetes is a common chronic disease in children and adolescents in Kuwait. Moreover, Kuwait is among the populations with the highest prevalence and this has an impact on clinical and economic aspects of diabetes care in childhood and adolescence.
